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T R I P - A
PROGRESSIVE METAMORPHISM OF PENNSYLVATEIAN ROCKS;
RELATIONS TO OLDER AND TO YOUNGER ROCKS
Alonzo W. Quinn, Brown University
Itinerary
The main emphasis of Excursion A will be on progressive metamorphism of 
Pennsylvanian sedimentary rocks of the Narragansett Basin, but the localities 
visited will provide opportunity to observe such additional features as sedi­
mentary structures of the Pennsylvanian rocks, unconformable relations of the 
underlying pre-Pennsylvanian rocks, and intrusive relations of Pennsylvanian 
or post-Pennsylvanian granitic rocks. The excursion will go from north to 
south along the western margin of the Narragansett Basin. Because of the ex­
pected size of crowds, only a few localities are suitable; several localities 
at intermediate positions in progressive metamorphism cannot be visited.
STOP 1 - Southern edge of Attleboro, Mass., just SW of Thacher St. crossing 
of N. Y., N. H., and H. Railroad, Attleboro Quadrangle.
This locality is most interesting for the sedimentary structures, 
channel fills, cross-bedding, etc. The rocks here probably should be 
assigned to the Rhode Island Formation, although some beds of red rocks 
like the Wamsutta Formation are exposed. Ides Hill, just west, is the 
smallest of the three synclines of Dighton Conglomerate, which is youngest 
of the Pennsylvanian formations here.
There may be difference of opinion about whether these rocks are 
metamorphosed. At any rate, these are about as low on the metamorphic 
scale as are any Narragansett Basin rocks. The clasts are chiefly quartz, 
feldspars, and lithic fragments, along with common accessory minerals.
Micas are common, but they appear to be detrital. The clastic grains are 
sharp, randomly oriented, and apparently undeformed.
Log from Thacher St. locality:
Miles
00.0 West on Thacher St.
0.4 Rte. 123. Continue West on 123.
1.4 Under Rte. 95 (if this piece of Rte. 95 is open by October 5 we
will go south on it, with consequent modification of road log).
3.7 Traffic light, left on 1A.
4.7 Right onto Rte. 95 (south).
6.0 Rhode Island State line; passing through Pawtucket, main center
on right.
6.7 On left is road-cut in black shale and gray sandstone of Rhode
Island Formation.
7.7 Crossing Blackstone River, rapids just upstream. Blackstone here
has cut small rock gorge, having been diverted by ice block from 
former open valley. Acres of broken rock (R. I. Formation) from 
Rte. 95 excavation. Continue south to southeast on U.S. 1
9.2 Providence City line.




10.0 Left just before railroad bridge.
10.2 Stop 2.
STOP 2 - Outcrop between N. Y., N. H., and H. tracks and North Burial
Ground, Providence Quadrangle, GQ 118.
The rocks here are almost exclusively siltstone of the Rhode Island 
Formation. An early stage of metamorphism is marked by the presence of 
chlorite and white mica of undoubted metamorphic origin. (Quinn and Glass, 
1958) Some of the white mica is paragonite. The clastic grains appear 
to have almost their original shapes, although some grains are broken and 
the edges of the grains are interfingered with white mica. Minerals 
identified in thin section are quartz, white mica, chlorite, and ilmenite, 
along with accessory zircon and tourmaline.
Continue South.
Miles
10.8 Left on Branch Ave.
11.1 Bear right on U.S. 1 (North Main St.).
On your right is the Rhode Island State Capitol, built of Georgia 
marble and completed in 1904. The marble dome was the first in 
the U.S. The three other large marble domes are: Minnesota
capital, Taj Mahal, and St. Peter's
12 .9 Follow U.S. 1
13.1 Right on U.S. 6 (W) to expressway.
14.9 On expressway, bear left on R.I. 2 (U.S. 6 goes right).
17.0 Bear right to Reservoir Ave., R.I. 2 6c 3.
19.0 Garden City left at traffic light, south with Newport Creamery
on right.
19.4 Stop 3 .
STOP 3 - Vicinity of Cranston Mine, Providence Quadrangle, GQ 118
At the time of this writing the exposures around the mine had been 
covered and new excavations were being made east of the mine. It seems 
probable that adequate exposures will be accessible by October 5, 1963.
Sandstone, siltstone, and shale of the Rhode Island Formation are
exposed near the mine, and the mine was in a bed of meta-anthracite. The
clastic quartz grains are lens-shaped and interlocking, indicating con­
siderable deformation. Biotite is a new metamorphic mineral here, the 
biotite isograd lying a short distance north. The shaly rocks have very 
prominent spangles of ilmenite, also a metamorphic mineral. Minerals 
seen in thin section include quartz, white mica, biotite, chlorite albite, 
ilmenite, zircon, and tourmaline. Garnet was not seen here, although it 
is present in the rocks about a mile and a half southwest. Paragonite 
was not detected here.
The Cranston Mine had a rather long period of activity. The first 
mining was as early as 1866 (Ashley, 1915). During part of 1887 250 to
11
300 tons of this coal was shipped to Pittsburgh, Pa., every week. Various 
mining companies worked this from time to time until about 1940 when 
Graphite Mines, Inc. took it over. They operated the mine until 1959, 
when they abandoned it. The earlier uses of material here were for fuel, 
some of it in the form of briquettes. Graphite Mines sold it as foundry 
graphite. The meta-anthracite bed is 20 feet thick over most of the mine 
area. It was 30 feet thick in a few places. The bed dips east about 20° 
to 25°. In 1948 the underground workings extended somewhat over 1200 feet 




19.6 Right on Sockanosset Cross Road.
19.7 Left on R.I. 2 6c 3 . Rhode Island State Institutions on left.
20.9 Looking ahead and to right you can see escarpment that marks margin
of Narragansett Basin (escarpment a little over a mile away).
21.5 Bear right on road marked to Arctic and W. Warwick. Continue South
on Providence St.
22.9 Right at corner, River St. on left, Wakefield Rd. on right, church
on near right, Barber Vehicle Co. on far right.
23.3 Smaller groups commonly park near here and ascend hill to see rocks
and relations of Stop 4.
23.4 Bear left, on Wakefield Rd. (Natick Ave. on right).
23.6 Left in private drive of Mr. Alexander Di Martino.
Stop 4.
STOP 4 - Northwest of Natick, R. I., East Greenwich and Crompton quad­
rangles, GQ 17.
This is at the west margin of the Narragansett Basin. A few feet of 
the Rhode Island Formation lies on the Pondville Conglomerate and it, in 
turn, lies on the pre-Pennsylvanian Esmond Granite and an amphibolite of 
the Blackstone Series. Along most of the margin of the basin, the pre- 
Pennsylvanian rocks stand as an escarpment above the Pennsylvanian rocks .
At Natick, however, the Pondville Conglomerate is as resistant as are the 
older rocks, so it forms the front of the escarpment.
The unconformity here is marked, not only by an angular discordance, 
but also by the fact that the conglomerate contains a few boulders of 
Esmond Granite, which is here intrusive into the Blackstone Series.
The Pondville Conglomerate is variable and contains many large and 
angular boulders. Most of the boulders are quartzite, probably derived 
from the Westboro Quartzite which is exposed a few hundred feet to the 
south. The bedding is unusually variable and irregular.
Metamorphic intensity here was enough to cause the formation of garnet. 
Some of these are megascopically visible, but very irregularly distributed. 
Some of the boulders are considerably elongated.
The marginal contact here is offset by a small fault.

























Left on East Ave.
Traffic light, cross Rts. 2 & 3, Bald Hill Rd. Continue on East 
Ave .
Left on Rte. 5, Greenwich Ave. sign to State Airport.
Right on Main Ave. sign State Airport.
U.S. 1
We will go straight and then left to State Airport for lunch. This 
superfluous non-geologica1 diversion will not be included in road 
log.
After Lunch.
Greenwood, intersection Main Ave., U.S. 1 (Post Rd.). South on 
U.S. 1
East Greenwich. The road here is almost on the margin of the 
Narragansett Basin, as volcanic and intrusive rocks of the Mis- 
sissippian(?) East Greenwich Group are exposed on the escarpment 
just west of the road.
Quonset Naval Air Station and Construction Battalion on left;
"Devil's Foot" ledge on right; some of the sandstone in this vicinity 
contains amphibole, formed here as a metamorphic mineral.
Left on U.S. 1A.
Wickford
View of Wickford Harbor
Left toward Jamestown Bridge, Rte. 138. Large road cut in sandstone 
and shale of Rhode Island Formation. Feldspathic sandstone has 
metamorphosed to a granite-looking rock.
Toll house - 60c for private cars. Cross Jamestown Bridge (1940,
69821 long, 135' clearance).
Jamestown, Conanicut Island
STOP 5 - West shore of Conanicut Island, about 300 feet north of
east end of Jamestown Bridge, Wickford quadrangle.
Walk down (W) to shore along north side of bridge, and 
then north across mouth of brook. Conglomerate, sandstone, 
and shale of Rhode Island Formation metamorphosed to 
stretched-pebble conglomerate, feldspathic quartzite or 
gneiss, and garnet-staurolite schist. Simple structure, 
with moderate dip to east. Cross-bedding well shown in 
places. Almost 2000 feet south on shore, recognizable 
fern fossils have been found between beds of garnet- 
staurolite schist. Hurley and others (1960) got a K-Ar 




Left on Rte. 1A and Rte. 138.
Saunderstown
Continue S on Rte. 1A (Rte. 138 goes right).
To east is Bonnet P t .; pegmatite intrusive into Pennsylvanian shale 
and sandstone; pegmatite is visible from here as sea stack. Many 
















Narragansett Pier Granite exposed on right. This is the Pennsylvanian 
or post-Pennsylvanian granite from which the pegmatites at Bonnet 
Point and elsewhere were derived.
Narragansett, right on Rte. 1A.
Rotary
Right; follow sign to Providence.
STOP 6 - South end Tower Hill, Narragansett Pier quadrangle, GQ 91.
Walk east down hill to back (north bank) of gravel pit.
Here conglomerate and schist of the Rhode Island Formation 
are cut by sills and other intrusives of the Narragansett 
Pier Granite and by related pegmatite. A lead-alpha age 
is 235 m.y. Some of the granite stringers are tightly 
folded, indicating syntectonic intrusion. The pebbles 
show extreme elongation (13:1 according to Nichols GQ 91).
Muscovite, biotite, garnet, and ilmenite are the main 
metamorphic minerals. Sillimanite was not detected here, 
although it has been identified in Pennsylvanian rocks at 
Wakefield, a little more than a mile west. The quartz 
grains are interlocking and very much strained.
Return to Providence.
The following brief notes apply to a return by Rtes. 1, 2, 3, but 
traffic and other conditions might make another route preferable. 
Exposures of Hope Valley Alaskite Gneiss, part of Scituate group.
Lead-alpha age 303 m.y.
Rte. 138 goes west 4 miles to University of Rhode Island campus at 
Kingston.
Pennsylvanian rocks near margin of Narragansett Basin exposed in 
woods 6001 east.
Hope Valley Alaskite Gneiss exposed.
Margin of Narragansett Basin comes through somewhere near here. 
Pondville Conglomerate in woods 600’ west of road.
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Figure A-l - GEOLOGIC MAP OF NATICK AREA
